










































〔平成 13年 7月 5日 受付〕
須田　覚
2型糖尿病状態が骨代謝に及ぼす影響の検討
Influence of Type2 Diabetic States onto Bone Metabolism
Satoru Suda (Fourth Department of Internal Medicine, Saitama Medical School, Moroyama, Iruma-gun, Saitama 
350-0495, Japan)
Recent epidemiological surveys have revealed that diabetes is a risk factor for bone fracture. The mechanism for 
this presumably relates to the various factors associated with diabetics (e.g., insulin deficiency or resistance and/or 
continuous hyperglycemia). We, therefore, studied the effects of high glucose and tumor necrosis factor  (TNF) 
on osteoblasts and osteoclasts; TNF   has been shown to be a key factor responsible for insulin resistance. High 
glucose concentrations (60 mM) did not affect alkaline phosphatase (ALP) activity in mouse primary osteoblasts 
(OBs), whereas TNF   decreased ALP activity. Treatment of OBs with TNF   showed an increased number of 
apoptotic cells. When mouse OBs and bone marrow cells were cultured in the presence of PGE2 and 1,25(OH)2D3, 
osteoclasts (OCs) were formed under high glucose concentrations (5.6 - 60 mM), while TNF   inhibited OC 
formation in the co-cultures. When mature OCs were studied with respect to bone resorbing function, it was found 
that bone resorption was inhibited by exposure to high glucose (15 -60 mM). TNF  also inhibited bone resorbing 
capacity. The effects of decreased bone resorption were, at least partly, due to the deranged actin ring formation of 
OCs. Although OC formation and function was modified, these agents did not influence the expression of receptor 
activator of nuclear factor κB ligand and osteoprotegerin in OBs nor the expression of receptor activator of nuclear 
factor κB in OC progenitors. These results indicate that the functions of OBs and OCs could be modified to some 
extent by TNF , together with high glucose. This study also supports our recent observation that rats with type 2 
diabetes showed low turnover of bone, which resulted in deranged mechanical properties of bone. 
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マイシン100 g/mlを含む-minimum essential medium 
（ -MEM, Sigma, St. Louis, MO）を使用した．phosphate 
buffered saline （PBS），0.25％トリプシン -EDTA，D-
グルコース，L-グルコース，マンニトール，インスリ
ン，マウスTNF，naphthol AS-MX phosphate，fast red 
violet LB saltはSigmaより購入した．Prostaglandin E2
（PGE2） はCayman Chemical Company （Ann Arbour, 
MI），1, 25- dihydroxyvitamin D3［1,25（OH）2D3］は
Biomol Research Laboratories, Inc. （Plymous Meeting, 
PA），サケカルシトニン（sCT）はBachem（Torrance, 






















10 cmディッシュにPOBまたは骨髄細胞を 5106 
cell/dishで播種し，ほぼコンフルエントに達した後に
各種因子（D-グルコース 60 mM ，L-グルコース
60 mM，マンニトール 60 mM，インスリン 10-7 M，





へのreverse transcription （RT）は，1.0 gの total RNA
とともに 2.5 U/lのreverse transcriptase，2.5 M








には sense 5’-ATGCAACACATGACAACGTG-3’ とanti- 
sense 5’-GGAACCTCATGGTCTTCCTC-3’を用いた．破
骨細胞前駆細胞に発現するRANKの発現の解析には 












ム（NIH image version 1.61）を用いてシグナル強度を
評価し発現量を比較した．各プライマーはAmersham 






ス 60 mM，マンニトール 60 mM，インスリン 10-7 M，
TNF   30 ng/ml）で刺激し 0－48時間後bisbenzimide 
H 33342 fluorochrome, trihydrochloride （Calbiochem, 
La Jolla, CA）により核の蛍光染色を施し，形態学的変
化を蛍光顕微鏡（Zeiss, Germany）下で観察した．ま








和光純薬）を加え蛍光染色し，FACS Calibur （BECTON 
















50 mM sodium acetate buffer，40 mM potassium sodium 
tartrate buffer （pH5.0），0.01％ naphthol AS-MX 







（5.6 －60mM），L-グルコース（30 －60 mM），マンニ






5 mm，厚さ～ 50 m）上に播種し，2－3時間後D-グ
ルコース（30－60 mM），マンニトール（30－60 mM），











mM，マンニトール 60 mM，TNF 30 ng/mlで刺激
し 6－24時間後 10％中性緩衝ホルマリン溶液にて細
胞を固定，PBSで洗浄後 0.1％ Triton X-100 （Research 
Organics Inc., Cleveland, Ohio）にて処理した．ローダ







































ンスリン 10-7 M，TNF  30 ng/mlで刺激し 24時間処
理した後，アポトーシスを生じた細胞をHoechst 33342
を用いた核の蛍光染色で評価した．グルコース 60 






にマンニトール 60 mM（A），グルコース 60 mM（B）
でのPOBにおけるアポトーシス細胞は 12％前後でコ
























マウスTNF  は，TNF1型受容体（TNFR 1: p55）と
2型受容体（TNFR 2: p75）の 2つの受容体に作用し，
多くの作用はTNFR 1を介する．TNFR 1からのシグ
ナ ル はTRADD （TNFR associated death domain 


















Fig. 1.  Time course and effects of TNF  on ALP activity 
in mouse POBs. (A) Time course of ALP activity in POBs. 
POBs were cultured for the times indicated and ALP activity 
in the cells was measured, as described in Materials and 
Methods. (B) Effects of TNF  on ALP activity in POBs. 
POBs were cultured for 5 days in -MEM containing 10% FCS. 
The media were then replaced with fresh media containing 
various concentrations of TNF  and incubation contuinued 
for a further 5 days. ALP activity in the cells was measured 
as described in Materials and Methods. Each point represents 
the mean  SD for six wells. *p0.01 vs control cells.
Table 1. Effects of D- or, L-glucose and mannitol on ALP 
activity in mouse primary osteoblasts
Primary osteoblasts were prepared from newborn calvaria. 
Osteoblasts were cultured with D- and L-glucose as well as 
mannitol for 10 days. Cells were sonicated and ALP activity was 
measured as described in Materials and Methods.
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Fig. 2. Effects of mannitol, glucose and TNF  on DNA 
fragmentation of mouse POBs. POBs were incubated with 
mannitol (60 mM), glucose (60 mM) and TNF  (30 ng/ml) 
for 24 h. Cells were stained by bisbenzimide H 33342 
fluorochrome trihydrochloride and morphological changes 
of nuclei were observed as described in Materials and 
Methods. Representative nuclear patterns are shown.
Fig. 3. Effects of mannitol, glucose and TNF on early 
apoptosis in mouse POBs. Subconfluent cells were treated 
with mannitol (60 mM), glucose (60 mM) and TNF (30 
ng/ml ) in -MEM containing 0.1% BSA for 24 h. Adherent 
cells were collected after trypsinization and washed twice 
with PBS carefully. Cells were stained for Annexin V and 
with propidium iodide and the number of apoptotic POBs 
was studied by flow cytometric analysis as described in 
Materials and Methods. The proportion of apoptotic cells 
were 10.9% in control cells (0.1% BSA); 12.5% in cells treated 
with 60 mM mannitol (A); 12.6% in cells treated with 60 mM 
glucose (B); 23.7% in cells treated with 30 ng/ml TNF  
(C); 37.3% in cells treated with UV light for 5min (D).
Fig. 4. Effects of TNF  and PGE2 on mouse osteoclast 
formation. Mouse POBs prepared from newborn mouse 
calvaria and bone marrow cells were co-cultured in  -MEM 
containing 10% FCS with or without PGE2 (10
-7 M) and TNF  
(30 ng/ml) for 7 days. Anti-mouse p55 TNF receptor antibody 
(10 g/ml) and control IgG (10 g/ml) were added to culture 
media from day 0. The number of TRAP-positive multinuclear 
cells were counted and are shown as the mean  SD for four 
wells. *p0.01.
Table 2. Effects of D- or, L-glucose and mannitol on 
multinuclear osteoclast formation
Primary osteoblastic cells prepared from newborn mouse 
calvaria and bone marrow cells from male mice were co-cultured 
on 24-well plate in a-MEM containing 10% FBS in the presence 
of 10-8 M 1,25(OH)2D3 for 7 days. D- and L-glucose as well as 
mannitol were added to the media from the beginning of the 
co-culture. On day 7, the number of multinuclear cells staining 




















































Fig. 5. Effects of mannitol, glucose, insulin, TNF , and PGE2 
on RANKL and OPG mRNA expression in mouse POBs. POBs 
were treated with mannitol (60 mM), glucose (60 mM), insulin 
(10-7 M), TNF  (30 ng/ml) and PGE2 (10-7 M) in  -MEM 
containing 10% FCS for 24 h. Total RNA was extracted from 
the cells. RNA was reverse transcribed and subjected to 30 
cycles of PCR for RANKL and OPG mRNA amplification and 30 
cycles for GAPDH mRNA amplification using specific primers, 
as described in Materials and Methods. Representative signals 
of PCR products are shown.
Fig. 6. Effects of mannitol, glucose, insulin and TNF  on 
RANK mRNA expression in M-CSF dependent osteoclast 
precursors. Mouse bone marrow cells were cultured in 
 -MEM containing 10% FCS and M-CSF (100 ng/ml). M-CSF 
dependent osteoclast precursors were subcultured and treated 
with mannitol (60 mM), glucose (60 mM), insulin (10-7 M) 
and TNF (30 ng/ml) in  -MEM containing 10% FCS for 24 
h. Total RNA was extracted from the cells. RNA was reverse 
transcribed and subjected to 28 cycles of PCR for RANK mRNA 
amplification and 28 cycles for GAPDH mRNA amplification 
using specific primers, as described in Materials and Methods. 






















































Fig. 7. Effects of mannitol, glucose (A) and TNF  (B) on 
pit formation. Mature mouse osteoclasts were prepared from 
co-cultures of newborn mouse calvaria and bone marrow cells. 
Cells were co-cultured on type I collagen gels in  -MEM 
containing 10% FCS in the presence of 1,25(OH)2D3 (10
-8 M) 
and PGE2 (10
-7 M) for 7 days. Cells were gently collected 
from the collagen-coated dishes after treatment with 0.2% 
collagenase for 10 min. Equal numbers of osteoclasts were 
settled onto dentine slices. The OCs were then treated with 
mannitol and glucose (A), and various concentrations of TNF 
(B) for 48 h. The area of bone resorbed was quantitated, as 
described in Materials and Methods. Each point represents 
the mean  SD for four dentine slices. � P  0.01 vs. control 
cells.
Fig. 8. Effects of mannitol, glucose, salmon calcitonin (sCT) 
and TNF on actin ring formation in osteoclasts. Mature 
mouse osteoclasts were prepared from co-cultures of newborn 
mouse calvaria and bone marrow cells. Cells were co-cultured 
on type I collagen gels in  -MEM containing 10% FCS in 
the presence of 1,25(OH)2D3 (10
-8 M) and PGE2 (10
-7 M) for 7 
days. Cells on the collagen-coated dishes were treated with 0.2% 
collagenase for 10 min and gently collected. Mature osteoclasts 
were inoculated into chamber slides. Cells were treated with 
mannitol (60 mM), glucose (60 mM), sCT (10-9 M) and 
TNF (30 ng/ml) for 24h. Cells were stained by rhodamine-
conjugated phalloidin for 15min at room temperature. Actin 
ring formation was analyzed by counting cells with complete 
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